ABSTRACT. Genetic variants of the POMC and PCSK1 genes cause severe obesity among patients in the early stages of childhood. This family-based study analyzed the links between single nucleotide polymorphisms (SNPs) in either the POMC or PCSK1 genes and obesity, as well as obesity-related traits among obese Thai children and their families. The variants rs1042571 and rs6713532 in the POMC gene in a sample of 83 obese children and their family members were investigated using polymerase chain reaction (PCR)-restriction 9136-9144 (2015) fragment length polymorphism. In addition, the SNPs rs6232, rs155971, rs3762986, rs3811942, and rs371897784 of PCSK1 were analyzed in all samples using PCR and gene sequencing methods. Participants with the homozygous variant genotype in rs155971 had significantly elevated cholesterol and low-density lipoprotein cholesterol (LDL-C) levels (P = 0.011, OR = 1.025, 95%CI = 1.006-1.045; and P = 0.006, OR = 1.030, 95%CI = 1.009-1.053, respectively) after adjustment for age, gender, and body mass index (BMI). In addition, patients with the heterozygous variant genotype in rs371897784 of PCSK1 had a 1.249-fold higher risk (95%CI = 1.081-1.444, P = 0.027) of increased waist circumference than patients with the normal genotype, after adjustment for age, gender, and BMI. However, this analysis did not find any correlation between obesity and SNPs in PCSK1 and POMC. Therefore, these common variants in PCSK1 and POMC were not the major cause of obesity in the Thai subjects sampled. However, variants in PCSK1 did affect cholesterol level, LDL-C level, and waist circumference.
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INTRODUCTION
The proopiomelanocortin gene (POMC), which has the chromosomal locus 2p23.3, is associated with obesity (Hager et al., 1998) and metabolic syndrome (Loos et al., 2003) . The POMC protein is the main substrate of prohormone convertase 1/3 (PC1/3), which controls the appetite. POMC is cleaved by PC1/3 to give the product α-melanocyte-stimulating hormone, which binds to the melanocortin-4 receptor in the hypothalamus to control metabolism. The common variant C8246T (rs1042571), located in the 3'-untranslated region (UTR), was associated with waist-to-hip ratio (WHR) (P < 0.0001) in a family study on a white British population (Baker et al., 2005) . Moreover, in the UK, this single nucleotide polymorphism (SNP) was associated with body mass index (BMI) (P = 0.032) and total fat (P = 0.046) in a recessive model (Chen et al., 2005) . In Caucasian Americans, Wang et al. (2012) found an association between the C8246T variant and BMI (overweight: P = 0.005; obese: P = 0.018; overweight + obese: P = 0.002) but not among African Americans. Another SNP in the intron of the POMC gene, rs6713532, was associated with WHR, visceral fat, and abdominal fat (P = 0.020, 0.019, and 0.021, respectively) in a European population (Ternouth et al., 2011) .
Another gene, the proprotein convertase subtilisin/kexin type 1 (PCSK1) gene, which has the chromosomal locus 5q15-21, encodes PC1/3. PC1/3 is a protein that converts a variety of prohormones and neuropeptide precursors, such as proinsulin and POMC, to their functional forms (Seidah et al., 1991; Pickett et al., 2013) . One of the functions of PC1/3 is to control energy balance (Choquet and Meyre, 2010; Chung, 2012) . Therefore, a variant in the PCSK1 gene can cause energy imbalance and obesity.
SNPs in PCSK1 have been found to cause early-onset obesity and diabetes-related traits in humans (Jackson et al., 1997 (Jackson et al., , 2003 Farooqi et al., 2007; Benzinou et al., 2008; Heni et al., 2010) . Many researchers have studied rs6232, the variant which has a guanine instead of an adenine in exon 6, thus resulting in the substitution of asparagines for aspartic acid (N221D) in the catalytic domain of PC1/3. This mutation decreases the activity of PC1/3 (Benzinou et al., 2008) . The EPIC-Norfolk study in the UK found an association between rs6232 and obesity and BMI in younger individuals (age <59 years) but not among older subjects (Kilpeläinen et al., 2009) . In a study of Mexican populations, it was found that rs6232 was significantly associated with childhood obesity and adult class III obesity [odds ratio (OR) = 3.01, 95% confidence interval (95%CI) = 1.64-5.53] (Villalobos-Comparán et al., 2012) . Other variants have been shown to have an association with obesity. The rs155971 variant in intron 6 showed an association with obesity (P = 0.01) in a Chinese population (Chang et al., 2010) . In French Caucasians, rs3762986 (5'-end gene) was significantly associated with an increased risk of obesity (OR = 1.19, 95%CI = 1.06-1.34), whereas rs3811942 (3'-UTR) protected against obesity (OR = 0.82, 95%CI = 0.76-0.99) (Benzinou et al., 2008) .
In Thailand, our previous research found an association between PCSK1 variants and obesity, which involved rs6234, rs6235, and rs3811951 (Kulanuwat et al., 2014) . Several studies have investigated SNPs in POMC and PCSK1 genes, and the potential association with obesity, using anthropometric and biochemical parameters. The present study investigated members of obese Thai families to determine whether variations in the POMC and PCSK1 genes are associated with obesity-related traits.
MATERIAL AND METHODS

Study subjects
The study subjects were recruited from obese children and young adults aged 8-20 years at the Pediatric Outpatient Departments of Siriraj and Ramathibodi hospitals. Detailed descriptions of the study were published in our previous research (Kulanuwat et al., 2014) . Briefly, POMC and PCSK1 SNPs were investigated in 83 samples from 12 families comprising 64 obese subjects and 19 non-obese subjects.
The obesity status of the adults was categorized by using the BMI for Asian populations (WHO/IASO/IOTF, 2000; Kagawa et al., 2006; Thaikruea et al., 2006) ; persons with BMI ≥ 25 kg/m 2 were categorized as obese. For children, percent weight for height was used to classify overweight status and obesity by National Growth References for children aged <20 years from the Ministry of Public Health, Thailand and WHO (Waterlow et al., 1977) . Children whose percent weight for height was ≥120 were categorized as obese.
Anthropometric measurements
The waist circumference, body weight, and height of each individual were measured, and BMI was calculated. Percentage total body fat was measured by bioelectrical impedance analysis. The instrument used and the details of all the measurements have been described in our previous report (Kulanuwat et al., 2014) .
Laboratory measurements
All samples were investigated for cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol, triglycerides, fasting blood glucose, insulin, and hemoglobin A1C (HbA1C) in the laboratory of Siriraj Hospital (Kulanuwat et al., 2014) .
Polymerase chain reaction (PCR) amplification and genotyping
Two variations of the POMC gene were analyzed using the PCR-restriction fragment length polymorphism (RFLP) method. The PCSK1 gene, composed of 5 SNPs, was investigated by PCR and DNA sequencing. All PCR primers were designed using the Primer3Plus program (Table 1) .
For PCR-RFLP, the PCR products from rs1042571 were incubated at 37°C for 2 h using restriction enzyme MboII (Baker et al., 2005) . In addition, the PCR products from rs6713532 were incubated at 65°C for 3 h using restriction enzyme TspRI (Ternouth et al., 2011) .
For DNA sequencing, the PCR products were purified to remove excess primer and primer dimers. The purified PCR products were then sent to Macrogen Inc., Seoul, South Korea, for sequencing using an Automatic Sequencer 3730X.
Statistical analysis
The Hardy-Weinberg equilibrium test was used to test all polymorphisms. Chi-square analysis was used to analyze the association between polymorphisms of the POMC and PCSK1 genes in the obese and control subjects. The Mann-Whitney U-test was used to test the difference for obesity-related parameters between wild-type and variant groups in all SNPs. The Kruskal-Wallis H-test was used to test the differences in biochemical and anthropometric parameters, among the wild-type, heterozygous variant, and homozygous variant genotypes. Logistic regression models were used to determine ORs and 95%CIs, with data adjustment for age, gender, and BMI. The dependent variables of logistic regression analysis were genotypes of each SNP. All tests were performed using SPSS computer program version 16.0; a statistically significant association or difference was set at P < 0.05.
Ethical considerations
The study was approved by the Ethics Committee of the Faculty of Tropical Medicine, Mahidol University. All probands and their family members provided written informed consent.
RESULTS
This study analyzed seven SNPs, comprising two SNPs in the POMC gene and five in the PCSK1 gene. The genotype frequencies and minor allele frequencies of the six SNPs (exclud- For the association analyses of each SNP with anthropometric and biochemical parameters, the results revealed that rs155971 of the PCSK1 gene had significantly different medians for cholesterol and LDL-C among the three genotypes (P = 0.030 and P = 0.032, respectively). After adjustment for age, gender, and BMI, there was a significant difference only between CC (wild-type genotype) and TT (homozygous variant genotype). A patient with the TT genotype had 1.025 greater risk of higher cholesterol level (P = 0.011, 95%CI = 1.006-1.045) and 1.030 greater risk of higher LDL-C level (P = 0.006, 95%CI = 1.009-1.053) than a patient with the CC genotype ( Table 3) .
The study found significant differences in median glucose and HbA1C levels among the three genotypes (P = 0.015 and P = 0.009, respectively) of rs3762986 in the PCSK1 gene; however, when adjusted for age, gender, and BMI, the differences were not statistically significant (Table 4) . Table 4 . Analysis of PCSK1 rs3762986 with anthropometric and biochemical parameters.
Data are reported as medians (interquartile range). BMI = body mass index; HOMA-IR = homeostasis model assessment of insulin resistance; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol. P value was compared among 3 genotypes by the kruskal-Wallis H-test. a P value between CC and CT genotype, adjusted for age, gender, and BMI by multinomial logistic regression.
b P value between CC and TT genotype, adjusted for age, gender, and BMI by multinomial logistic regression. Data are reported as medians (interquartile range). BMI = body mass index; HOMA-IR = homeostasis model assessment of insulin resistance; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol. P value was compared between GG and GA genotype by the Mann-Whitney U-test. a P value adjusted for age, gender, and BMI by binary logistic regression, where GG genotype was the reference group. This research discovered that rs371897784 in the PCSK1 gene was significantly different for median waist circumference between the wild-type (GG) and heterozygous variant genotype (GA). A patient with a heterozygous variant genotype had 1.249-fold greater risk (P = 0.027, 95%CI = 1.081-1.444) of increased waist circumference than a patient with the wild-type genotype, after adjustment for age, gender, and BMI (Table 5) .
Variant rs3811942 in the PCSK1 gene and variants rs1042571 and rs6713532 in the POMC gene displayed no significant association with anthropometric and biochemical parameters (data not shown). No association was observed between obesity and these six SNPs in the POMC and PCSK1 genes (data not shown) when the cut-off to categorize obesity for the Asian population at BMI > 25 kg/m 2 was used.
DISCUSSION
This analysis did not find any association between any of the SNPs and obesity or BMI. This differed from our previous research, which investigated other SNPs of the PCSK1 gene (Kulanuwat et al., 2014) , and differed from the other studies on Chinese and French Caucasian populations. In the Chinese populations studied by Chang et al. (2010) , an association between obesity and rs155971 was found, but that association was not detected in the present study. This may be due to differences in ethnicity and different characteristics of the studied population; the present study investigated families. However, the results revealed that rs155971 was significantly associated with increased cholesterol and LDL-C levels when a patient had the homozygous variant genotype (TT) compared with the wild-type genotype (CC), after adjustment for age, gender, and BMI; the study of Chinese populations did not find any association (Chang et al., 2010) . Again, the reasons for the disparity are probably differences in ethnicity and study population characteristics. The results indicate that rs155971 is recessive and patients who showed an increase in cholesterol and LDL-C level must have had the (C→T) variant at both alleles (homozygous variant). However, the mechanism or pathway by which the PCSK1 gene variant elevates cholesterol and LDL-C is unknown; therefore further study on this point is warranted.
Furthermore, the study in French Caucasian populations found an association between rs3762986 and rs3811942, and obesity. The variant rs3762986 increased the risk of obesity (OR = 1.19, 95%CI = 1.06-1.34), while rs3811942 protected against obesity (OR = 0.82, 95%CI = 0.76-0.99) (Benzinou et al., 2008) . In contrast, the present study did not find associations between these two SNPs and obesity. This inconsistency between the studies may be explained by the ethnic differences, differences in the characteristics of the studied population, which included families in our study, and the sample sizes involved. The present research revealed a significant difference between the median of glucose and HbA1C levels among three genotypes of rs3762986. This is the first time that associations between glucose and HbA1C level and rs3762986 have been reported. However, these results were affected by age, gender, and BMI.
No previous study has analyzed the association between rs371897784 and obesity, and anthropometric and biochemical parameters; the present study revealed that rs371897784 was significantly associated with waist circumference. After adjustment for age, gender, and BMI, a patient with the heterozygous variant genotype was at higher risk of increased waist circumference than a patient with the wild-type genotype.
Variants rs1042571 and rs6713532 in the POMC gene did not show any significant association with obesity, or anthropometric and biochemical parameters. The results of the present study differed from the family study in a white British population, which found an association between rs1042571 and WHR (Baker et al., 2005) . Moreover, studies in the UK (Chen et al., 2005) and with Caucasian Americans (Wang et al., 2012) also found an association between rs1042571 and BMI. Baker et al. (2005) found no association between rs1042571 and BMI in a white British population, which agrees with the present study. Another SNP, rs6713532, has shown an association with WHR, visceral fat, and abdominal fat in a European population (Ternouth et al., 2011) , but that association was not observed in the present study. Further research should be conducted using a larger sample size among the normal population and other Ethnic groups, to confirm an association.
In conclusion, this study found an association between rs155971 and cholesterol and LDL-C levels in the PCSK1 gene, a homozygous variant genotype indicating increased cholesterol and LDL-C levels. A significant association was found between rs3762986 in the PCSK1 gene and glucose and HbA1C, but when adjusted for age, gender, and BMI, the relationship was not statistically significant. For anthropometric measurement, the results showed a significant relationship only for rs371897784 in the PCSK1 gene, with increased waist circumference. No relationship was observed between obesity and any of the six SNPs in the PCSK1 and POMC genes.
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